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IMPLEMENTATION OF DOUBLE DATA RATE 
EMBEDDED MEMORY IN PROGRAMMABLE 

DEVICES 

BACKGROUND OF THE INVENTION 

The present invention relates to the ?eld of programmable 
devices. Programmable devices, such as FPGAs, typically 
includes thousands of programmable logic cells that use com 
binations of logic gates and/ or look-up tables to perform logic 
operations. Programmable devices also include a number of 
functional blocks having specialiZed logic devices adapted to 
speci?c logic operations, such as adders, multiply and accu 
mulate circuits, phase-locked loops, and one or more memory 
units for storage and retrieval of data used by the logic cells. 
The logic cells and functional blocks are interconnected With 
a con?gurable sWitching circuit. The con?gurable sWitching 
circuit selectively routes connections betWeen the logic cells 
and functional blocks. By con?guring the combination of 
logic cells, functional blocks, and the sWitching circuit, a 
programmable device can be adapted to perform virtually any 
type of information processing function. 

The con?guration of the logic cells, functional blocks, 
sWitching circuit, and other components of the programmable 
device is referred to as con?guration data. Con?guration data 
can be stored in volatile or non-volatile memory on the pro 
grammable device. Additionally, con?guration data can be 
provided and temporarily or permanently loaded into the 
programmable device during its manufacturing. Users 
specify a user design that performs a desired information 
processing function. Compilation softWare tools analyZe the 
user design and generate corresponding con?guration data 
that implements the desired information processing function 
using a programmable device. The user-created con?guration 
data can be temporarily or permenently loaded into one or 
more programmable devices to implement the user design. If 
the user design is changed, updated con?guration data can be 
loaded into the programmable device to implement the 
changed user design. 

Traditionally, memory blocks Within a programmable 
device can exchange data With the logic cells at a rate of one 
bit per data line per clock cycle. For example, if the memory 
block is connected With logic cells via eight data lines (i.e. an 
eight bit data bus), then data is communicated at a rate of up 
to eight bits per clock cycle. This data communication 
scheme is commonly referred to as single data rate (SDR) 
communication. 

There are several techniques for increasing the data com 
munication rates betWeen memory blocks and logic cells in 
programmable devices. The user can optimiZe the user design 
to alloW for a higher clock frequency of the programmable 
device When implementing the user design. HoWever, this is 
dif?cult or impossible for some user designs. Moreover, 
although this increases the rate at Which data is communi 
cated betWeen logic cells and memory blocks, it also 
increases the rate at Which logic cells can process data. Thus, 
increasing the clock frequency does not remedy situations in 
Which logic cells can process data faster than it can be stored 
or retrieved from a memory block. 

In some programmable devices, user designs can specify 
the Width of the data bus betWeen memory blocks and logic 
cells. For these types of programmable device, the data com 
munication rate betWeen a memory block and logic cells can 
be increased by increasing the Width of data bus. This alloWs 
more bits of data to be stored or retrieved in parallel per clock 
cycle. HoWever, the con?gurable sWitching circuit of the 
programmable device typically has a limited number of high 
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2 
speed connections and a larger number of sloWer connec 
tions. Increasing the Width of the data bus requires the allo 
cation of additional connections in the con?gurable sWitching 
circuit, often taking aWay high speed connections from other 
portions of the user design. In many cases, this increases 
signal delays on timing critical signal paths, Which results in 
a decrease in the maximum operating speed of the user 
design. 

It is therefore desirable for a programmable device to 
include memory blocks that provide improved data commu 
nication rates With logic cells. It is further desirable for 
memory blocks in a programmable device to provide 
improved data communication rates With logic cells Without 
taking addition connection resources from the con?gurable 
sWitching circuit. It is further desirable for a programmable 
device to include tWo or more memory blocks operating at 
different data communication rates as needed. It is also desir 
able for a memory block to alloW for different data commu 
nication rates at different times or on different memory ports 
as required. It is additionally desirable for a programmable 
device to enable any of its logic cells to communicate With 
memory blocks at an improved data rate as needed. 

BRIEF SUMMARY OF THE INVENTION 

In an embodiment, a memory block of a programmable 
device uses a double data rate communication scheme to 
communicate data With logic cells at a rate of tWo bits per 
clock cycle per data line. In a further embodiment, the 
memory block can be con?gured to use the double data rate 
communication scheme or a single data rate communication 
scheme. In an embodiment, the memory block can sWitch 
betWeen either communications scheme as needed to com 
municate With different portions of the programmable device. 
If a memory block of a programmable device includes tWo or 
more data access ports, an embodiment of a programmable 
device alloWs each data access port to be con?gured for single 
data rate or double data rate communications independently 
of other data ports. In a further embodiment, the program 
mable device includes multiple blocks, each of Which can be 
con?gured for double data rate communications indepen 
dently of other memory blocks. In additional embodiments, 
any arbitrary logic cell of the programmable device can com 
municate With a memory block using the double data rate 
communication scheme. 

In an embodiment, a memory block in a device includes a 
memory array adapted to store data and a data output circuit 
having ?rst and second modes. The data output circuit 
includes ?rst and second data registers and a data output line. 
The data output circuit is adapted to read a bit from the 
memory array at a ?rst clock rate and to communicate the bit 
With another portion of the device at the ?rst clock rate via the 
data output line in the ?rst mode. The data output circuit is 
adapted to read ?rst and second bits in parallel from the 
memory array at the ?rst clock rate and to communicate the 
?rst and second bits With another portion of the device at 
tWice the ?rst clock rate via the data output line in the second 
mode. 

In another embodiment, the data output circuit is respon 
sive to a mode selection input adapted to receive a mode 
selection signal from at least one portion of the device, 
Wherein the mode selection signal speci?es the ?rst or second 
mode of the data output circuit of the memory block. The 
mode selection input may be adapted to receive the mode 
selection signal from con?guration data stored in a con?gu 
ration memory of the device. 
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In another embodiment, the mode selection input is 
adapted to receive a ?rst mode selection signal from a ?rst 
portion of the device adapted to receive data from the memory 
block at tWice the ?rst clock rate via the data output line. The 
data output line may be adapted to connect With the ?rst 
portion of the device and a second portion of the device via a 
shared data bus. The second portion of the device is adapted 
to receive data from the memory block at the ?rst clock rate 
via the shared data bus and the data output line. The mode 
selection input is adapted to receive a second mode selection 
signal from second portion of the device in conjunction With 
the second portion of the device using the shared data bus and 
to receive the ?rst mode selection signal from the ?rst portion 
of the device in conjunction With the ?rst portion of the device 
using the shared data bus. 
An embodiment of the memory block includes a data input 

circuit having ?rst and second modes. The data input circuit 
including a data input line, Which is adapted to receive a bit 
from another portion of the device via the data input line at a 
?rst clock rate and to store the bit in the memory array in the 
?rst mode. The data input circuit is adapted to receive ?rst and 
second bits in series from anotherportion of the device via the 
data input line at tWice the ?rst clock rate and to store the ?rst 
and second bits in the memory array in the second mode. 

In an embodiment, the data input circuit is responsive to a 
mode selection input adapted to receive a mode selection 
signal from at least one portion of the device. The mode 
selection signal speci?es the ?rst or second mode of the data 
input circuit of the memory block. In an embodiment, the 
mode selection input is adapted to receive the mode selection 
signal from con?guration data stored in a con?guration 
memory of the device. In another embodiment, the mode 
selection input is adapted to receive a ?rst mode selection 
signal from a ?rst portion of the device adapted to communi 
cate data With the memory block at tWice the ?rst clock rate 
via the data input line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be described With reference to the draW 
ings, in Which: 

FIGS. 1A-1B illustrate data input and output circuits of a 
memory block in a programmable device according to an 
embodiment of the invention; 

FIGS. 2A-2B illustrate example timing diagrams for data 
input and data output of a memory block in a programmable 
device according to an embodiment of the invention; 

FIG. 3 illustrates an interface betWeen a memory block and 
other portions of a programmable device according to an 
embodiment of the invention; 

FIGS. 4A-4B illustrate double data rate input and output 
interfaces for logic cells and functional blocks of a program 
mable device according to an embodiment of the invention; 
and 

FIG. 5 illustrates a programmable device according to an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGS. 1A-1B illustrate data input and output circuits of a 
memory block in a programmable device according to an 
embodiment of the invention. The data input and output cir 
cuits enable a memory block to communicate With logic cells 
and other components of the programmable device using 
double data rate or single data rate communications schemes. 

FIG. 1A illustrates a data input circuit 100 of a memory 
block according to an embodiment of the invention. Data 
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4 
input circuit 100 includes a data input 105 for receiving data 
from other portions of the programmable device, such as 
logic cells, I/O blocks, or other functional blocks, via either 
single or double data rate communications schemes. Data 
input 105 is connected With data registers 110 and 115. Data 
register 110 is controlled by a clock signal received via a 
clock input 120. In an embodiment, the clock input 120 is 
connected With the global clock signal used to control the 
programmable device. In response to the clock signal, an 
embodiment of data register 110 stores the value of the data 
signal received by data input 105 in the ?rst half of each clock 
cycle. 

Clock input 120 is also connected With inverter 122. In 
response to the clock signal, the output 125 of the inverter 122 
is an inverted clock signal. The inverted clock signal is 
approximately 180 degrees out of phase With the clock signal 
received by clock input 120. The output 125 of the inverter 
122 is connected With the clock input of the data register 115. 
In response to the inverted clock signal, an embodiment of 
data register 115 stores the value of the data signal received by 
data input 105 in the second half of each clock cycle. 

In cases Where the data signal is using a double data rate 
communications scheme, the values stored by data registers 
110 and 115 in a clock cycle Will represent different bits of 
data. In cases Where the data signal is using a single data rate 
communications scheme, the values stored by data registers 
110 and 115 in a clock cycle Will represent the same bit of 
data. As discussed in detail beloW, an embodiment of the data 
input circuit 100 includes a control signal input used to 
specify Whether incoming data signals are to be interpreted as 
single data rate or double data rate communications. 

In an embodiment, the output 112 of data register 110 is 
connected With a demultiplexer 135. Demultiplexer 135 
selectively connects the output 112 of the data register 110 
With either the bit line N input 138 or With input 139 of 
multiplexer 140. As discussed in detail beloW, the value of the 
data signal on output 112 may be passed through multiplexer 
140 to bit line N+X input 145 When the data input circuit 100 
memory block is being operated using a single data rate 
communications scheme. 

Bit line N input 138 represents an input to an arbitrary bit 
line (N) in memory array 130. In an embodiment, the value of 
N, and hence the speci?c bit line connected With demulti 
plexer 135, is speci?ed by all or a portion of a memory 
address. The memory address can be provided to the memory 
block by other portions of the programmable device or gen 
erated internally. The circuits for storing and decoding the 
memory address and connecting the output of demultiplexer 
135 to the appropriate bit line are Well knoWn to those of 
ordinary skill in the art and are omitted for clarity. 

Bit line N+X input 145 represents an input to an arbitrary 
bit line (N+X) in memory array 130. In an embodiment, the 
value of N+X, and hence the speci?c bit line connected With 
the output of multiplexer 140, is speci?ed by all or a portion 
of a memory address. The memory address can be provided to 
the memory block by other portions of the programmable 
device or generated internally. The circuits for storing and 
decoding the memory address and connecting the output of 
multiplexer 140 to the appropriate bit line are Well knoWn to 
those of ordinary skill in the art and are omitted for clarity. 

The demultiplexer 135 is controlled With input 137. In an 
embodiment, input 137 is connected With one of the bits of the 
memory address used to specify the storage location of data 
received by the data input circuit 100. Embodiments of data 
input circuit 100 can use any arbitrary bit of the memory 
address to control demultiplexer 135. 
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For example, the most signi?cant bit (MSB) of all or a 
portion of the memory address can be connected With input 
137 to control demultiplexer 135. This example essentially 
partitions the memory array 130 into tWo portions, 132 and 
134. In an example, When the data input circuit is operating 
using a single data rate communications scheme, a loW or 0 
value of the MSB of at least a portion of the memory address 
directs the data stored by data register 110 to bit line N input 
138 in portion 132 of memory array 130. Conversely, a high 
or 1 value of the MSB of at least a portion of the memory 
address directs the data stored by data register 110 to bit line 
N+X input 145 in portion 134 of memory array 130. In this 
example, the value of X is speci?ed by the place value of the 
MSB of the memory address and the value of N is speci?ed by 
the remaining portion of the memory address. In other 
examples, any other bit of a memory address can be used to 
control demultiplexer 135. For example, the least signi?cant 
bit of at least a portion of the memory address can be con 
nected With input 137 to partition the memory array 130 into 
portions corresponding to the odd and even bit lines. 

As discussed above, the output 139 of the demultiplexer 
135 is connected With the input of multiplexer 140. Multi 
plexer 140 is controlled by data rate selection input 143. Data 
rate selection input enables the programmable device to 
specify Whether the data input circuit 100 is to interpret a data 
signal as single data rate or double data rate communication. 
When the signal provided to data rate selection input 143 
indicates single data rate communication is being used, the 
multiplexer 140 connects output 139 With bit line N+X input 
145. 

Thus, the value of the data signal received by data input 1 05 
in the ?rst half of a clock cycle and stored in data register 110 
is passed to bit line N+X input 145 if called for by the value of 
the memory address bit connected With control input 137 and 
if the single data rate communication is being used. Alterna 
tively, the memory address bit connected With control input 
137 may direct the data from data register 110 to bit line N 
input 138. 

Conversely, if the signal provided to data rate selection 
input 143 indicates double data rate communication is being 
used, the multiplexer 140 connects output 117 of the data 
register 115 With bit line N+X input 145. Thus, the value of 
the data signal received by data input 105 in the second half of 
each clock cycle is provided to bit line N+X input 145. 

In a further embodiment, When data input circuit 100 is 
operating using a double data rate communication scheme, 
data register 110 is only connected With bitlines in portion 
132 of the memory array 130 and data register 115 is only 
connected With bitlines in portion 134 of the memory array 
130. In this embodiment, the range of possible memory 
addresses is reduced in half and the value of signal on control 
input 137 alWays connects the output 112 of data register 110 
With bit line N input 138. In this embodiment, data from data 
registers 110 and 115 can be Written in parallel to bit line N 
input 138 and bit line N+X input 145, respectively, Where X is 
a constant based upon the partitioning of the memory array 
and N is based on the value of the memory address. 

In an embodiment, the data rate selection input 143 is 
connected With a signal from the con?guration memory of the 
programmable device. In this embodiment, the program 
mable device con?guration data speci?es Whether the data 
input circuit 100 should operate in single data rate or double 
data rate communication mode. The programmable device 
con?guration typically remains constant While the program 
mable device is implementing a user design; thus this 
embodiment typically sets the data input circuit 100 to use the 
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6 
same data rate communication scheme during the operation 
of the programmable device With a given con?guration. 

In another embodiment, the data rate selection input 143 is 
connected With a signal from a logic cell or other portion of 
the programmable device. In this embodiment, the data input 
circuit 100 can sWitch betWeen single data rate and double 
data rate communications as needed. For example, some por 
tions of the programmable device may be adapted to commu 
nicate With the memory block using double data rate commu 
nications and other portions of the programmable device may 
be adapted to communicate With the memory block using 
single data rate communications. In this example, control 
logic implemented by portions of the programmable device, 
such as additional logic cells, can be used to provide the 
appropriate value to the data rate selection input 143 of the 
data input circuit 100 depending upon the portion of the 
programmable device interacting With the memory block. 
Memory array 130 can be any type of electronic memory 

device knoWn to those of ordinary skill in the art, including 
static and dynamic random access memory; and non-volatile 
memory. Additionally, as shoWn in the FIG. 1A, the data input 
circuit 100 is adapted to receive a data signal via a 1-bit data 
bus. In further embodiments, all or portions of the data input 
circuit 100 may be duplicated to implement memory inter 
faces With larger bus Widths. The Width of the data bus con 
nected With the data input circuit 100 can be of a ?xed Width, 
or in further embodiments, integrated With a variable Width 
data bus interface of the memory block. In these further 
embodiments, both the Width and data rate communication 
scheme can be speci?ed by the con?guration and/ or operation 
ofa user design. 

FIG. 1B illustrates a data output circuit 150 according to an 
embodiment of the invention. Data is retrieved from memory 
array 155 via sense ampli?er N output 160 and sense ampli 
?er N+X output 162. Memory array 155 is similar to memory 
array 130 discussed above. Additionally, memory array 155 
includes circuits for retrieving data, such as sense ampli?ers, 
address decoders, and bit line drivers, that are Well knoWn to 
one of ordinary skill in the art and are omitted from FIG. 1B 
for clarity. In an embodiment, the memory array is adapted to 
retrieve tWo or more bits of data in parallel via sense ampli?er 
N output 160 and sense ampli?er N+X output 162. 

Sense ampli?er N output 160 represents the output of a 
sense ampli?er or other circuit adapted to retrieve data from 
the memory array 155 via an arbitrary bit line (N). In an 
embodiment, the value of N, and hence the speci?c bit line, is 
speci?ed by all or a portion of a memory address. The 
memory address can be provided to the memory block by 
other portions of the programmable device or generated inter 
nally. The circuits for storing and decoding the memory 
address and retrieving data from the corresponding location 
in memory array 155 are Well knoWn to those of ordinary skill 
in the art and are omitted for clarity. Similarly, sense ampli?er 
N+X output 162 represents an output of a sense ampli?er or 
other circuit adapted to retrieve data from the memory array 
155 via an arbitrary bit line (N +X). 

Sense ampli?er N+X output 162 is connected With data 
register 180. Data register 180 is controlled by a clock signal 
received via clock input 178. In an embodiment, the clock 
input 178 is connected With the global clock signal used to 
control the programmable device. In response to the clock 
signal, an embodiment of data register 180 stores the value of 
the data retrieved from sense ampli?er N+X output 162. 

Sense ampli?er N and N+X outputs 160 and 162 are con 
nected With multiplexer 165. Multiplexer 165 selectively con 
nects either sense ampli?er N output 160 or sense ampli?er 
N+X output 162 With the multiplexer output 170. The multi 
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plexer 165 is controlled With input 167. In an embodiment, 
input 167 is connected With one of the bits of the memory 
address used to specify the storage location of data to be 
retrieved from the memory array 155. Embodiments of data 
input circuit 150 can use any arbitrary bit of the memory 
address to control multiplexer 165. 

For example, the most signi?cant bit (MSB) of all or a 
portion of the memory address can be connected With input 
167 to control demultiplexer 165. This example essentially 
partitions the memory array 155 into tWo portions, 157 and 
159. In an example, When the data input circuit is operating 
using a single data rate communications scheme, a loW or 0 
value of the MSB of at least a portion of the memory address 
directs the data retrieved by the sense ampli?er N output 160 
from portion 157 of the memory array 155 to multiplexer 
output 170. Conversely, a high or 1 value of the MSB of at 
least a portion of the memory address directs the data 
retrieved by the sense ampli?er N+X output 162 from portion 
159 of the memory array 155 to multiplexer output 170. In 
this example, the value of X is speci?ed by the place value of 
the MSB of the memory address and the value of N is speci 
?ed by the remaining portion of the memory address. In other 
examples, any other bit of a memory address can be used to 
control multiplexer 165. For example, the least signi?cant bit 
of at least a portion of the memory address can be connected 
With input 167 to partition the memory array 155 into portions 
corresponding to the odd and even bit lines. 

Data register 175 is connected With multiplexer output 170. 
Data register 175 is controlled by a clock signal received by 
clock input 178. In response to a clock signal, the data register 
170 stores the data value received from the multiplexer output 
170. When operating using a single data rate communication 
scheme, an embodiment of data register 175 of data output 
circuit 150 receives data retrieved via either the sense ampli 
?er N output 160 or sense ampli?er N+X output 162, depend 
ing upon the value of the address bit used to control multi 
plexer 165. 
When operating using a double data rate communications 

scheme, an embodiment of data register 170 receives and 
stores data retrieved via sense ampli?er N output 160. In this 
embodiment, the address bit or other control signal provided 
to control input 167 of multiplexer 165 is adapted so that 
sense ampli?er N output 160 is connected to multiplexer 
output 170 during double data rate communications. In par 
allel With the operation of data register 175, an embodiment 
of data register 180 receives and stores data retrieved via 
sense ampli?er N+X output 162. 
The outputs 177 and 182 of data registers 175 and 180, 

respectively, are connected With multiplexer 190. Multiplexer 
190 selectively connects either output 177 or 182 With data 
output port 195. Multiplexer 190 is controlled by a combina 
tion of a clock signal received from clock input 178 and a data 
rate selection signal received via a data rate selection input 
185. The clock input 178 is connected With an inverter gate 
179, Which inverts the clock signal and outputs a clock signal 
phase-shifted approximately 180 degrees. The inverted clock 
signal from inverter gate 179 and the signal from data rate 
selection input 185 are connected With NAND logic gate 187. 
The multiplexer 190 and logic gates 179 and 187 are con 

?gured to operate as folloWs. During single data rate commu 
nication schemes, the signal received by the data rate selec 
tion input 185 ensures that the multiplexer connects only the 
output 177 of register 175 With the data output port 195. 
During double data rate communication schemes, the 
inverted clock signal causes the multiplexer 190 to connect 
the output 177 of register 175 With data output port 195 for 
one half of a clock cycle and to connect the output 182 of 
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8 
register 180 With the data output port 195 for the other half of 
a clock cycle. As a result, the data output port 195 can com 
municate tWo bits of data during a single clock cycle. 

In an embodiment, the data rate selection input 185 is 
connected With a signal from the con?guration memory of the 
programmable device. In this embodiment, the program 
mable device con?guration data speci?es Whether the data 
output circuit 150 should operate in single data rate or double 
data rate communication mode. The programmable device 
con?guration typically remains constant While the program 
mable device is implementing a user design; thus this 
embodiment typically sets the data output circuit 150 to use 
the same data rate communication scheme during the opera 
tion of the programmable device With a given con?guration. 

In another embodiment, the data rate selection input 185 is 
connected With a signal from a logic cell or other portion of 
the programmable device. In this embodiment, the data out 
put circuit 150 can sWitchbetWeen single data rate and double 
data rate communications as needed. For example, some por 
tions of the programmable device may be adapted to commu 
nicate With the memory block using double data rate commu 
nications and other portions of the programmable device may 
be adapted to communicate With the memory block using 
single data rate communications. In this example, control 
logic implemented by portions of the programmable device, 
such as additional logic cells, can be used to provide the 
appropriate value to the data rate selection input 185 of the 
data output circuit 150 depending upon the portion of the 
programmable device interacting With the memory block. 

FIGS. 2A-2B illustrate example timing diagrams for data 
input and data output of a memory block in a programmable 
device according to an embodiment of the invention. FIG. 2A 
illustrates a timing diagram 200 for a data Write operation to 
a memory block using a double data rate communications 
scheme according to an embodiment of the invention. The 
memory block receives a clock signal 205, memory address 
signals 207, and one or more data input signals 210. As 
discussed above, the data input signal 210 communicates tWo 
bits of data per clock cycle per data input line When operating 
using a double data rate communications scheme. The 
memory block may receive data via tWo or more data signals 
communicated via a corresponding number of data lines. 
When using a double data rate communication scheme, the 
total number of bits received per clock cycle Will be tWice the 
number of data signals received. 

In an example data Write operation to the memory block, at 
the time of transition 215 of the clock signal 205, a ?rst data 
register of the data input circuit stores the data value of the 
data input signal 210. In this case, the data input signal 210 
has the value A0 212 at the time of transition 215. This value 
is re?ected by the ?rst data register signal 230 in timing 
diagram 200. Similarly, at the time of transition 225 of the 
clock signal 205, a second data register of the data input 
circuit stores the data value of the data signal 210, Which has 
the value BO 214 at the time of transition 225. This value is 
re?ected by the second data register signal 235 in timing 
diagram 200. 

In parallel With receiving and storing data values received 
from the data input signal 210, the memory block decodes a 
memory address 220 from the memory address signals 207. 
The decoded memory address 200 speci?es the memory loca 
tions to store the data values provided by data input signal 
210. In an embodiment, the decoded memory address 200 
speci?es one roW of the memory array and tWo bit lines. In an 
embodiment, a ?rst bit line is speci?ed directly by the 
decoded memory address 200 and the second bit line is offset 
from the ?rst bit line by a constant. For example, if the 
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decoded memory address 200 speci?es bit line N, the second 
bit line may be speci?ed as bit line X+N. 

At the time of clock transition 225, the data values stored in 
the ?rst and second data registers are transferred to the ?rst 
and second bit lines, respectively, for storage. At the time of 
clock transition 225, the value of the ?rst data register signal 
230 is transferred to the ?rst bit line signal 240. Similarly, at 
the time of clock transition 225, the value of the second data 
register signal 235 is transferred to the second bit line signal 
245. The memory array then stores the values of the bit line 
signals 240 and 245 in the memory locations speci?ed by the 
memory address 220. 

FIG. 2B illustrates a timing diagram 250 for a data read 
operation from a memory block using a double data rate 
communications scheme according to an embodiment of the 
invention. The memory block receives a clock signal 255 and 
memory address signals 257. In an example data read opera 
tion from the memory block, at the time of transition 265 of 
clock signal 255, the value 260 of the memory address signal 
257 is latched into a memory address register of the memory 
block. The value of the memory address register is shoWn by 
signal 259. 
The memory block decodes the memory address stored in 

the memory address register and initiates a memory read 
operation from tWo memory locations in the memory array. In 
embodiments in Which the memory block has tWo or more 
data output lines, the memory read operation Will retrieve tWo 
bits of data from tWo memory locations respectively for each 
data output line. 

In an embodiment, the decoded memory address speci?es 
one roW of the memory array and tWo bit lines. In an embodi 
ment, a ?rst bit line is speci?ed directly by the decoded 
memory address 200 and the second bit line is offset from the 
?rst bit line by a constant. For example, if the decoded 
memory address 200 speci?es bit line N, the second bit line 
may be speci?ed as bit line X+N. In an embodiment, each 
speci?ed bit line is connected With a sense ampli?er to detect 
the value of data stored in a memory location given by the 
speci?ed roW and bit line. 
The memory array outputs the retrieved data values on 

sense ampli?er outputs 270 and 275. At the time of transition 
280 of clock signal 255, the values of the tWo sense ampli?er 
outputs 270 and 275 are stored in tWo output data registers. 
Thus, the value 282 of sense ampli?er output 270 is stored by 
a ?rst data output register 285 and the value 284 of sense 
ampli?er 275 is stored by second data output register 287. 
Once the data output registers 285 and 287 have stored the 
tWo data values retrieved from the memory array, the value 
289 of the ?rst data output register 285 is provided to the data 
output 292 in the ?rst half of a clock cycle. At the time of 
transition 295, Which marks the beginning of the second half 
of a clock cycle, the value 291 of the second data output 
register 287 is provided to the data output 292. 

FIG. 3 illustrates an interface 300 betWeen a memory block 
302 and other portions of a programmable device according 
to an embodiment of the invention. In an embodiment, the 
memory block 302 includes tWo access ports, portA 303 and 
port B 304. Each access port is capable of reading or Writing 
data to the memory array 330 independently of the operations 
of the other ports. In a further embodiment, the data registers 
of the data input and data output circuits Within an access port 
are shared, as an embodiment of an access port cannot read 
and Write data simultaneously. Other embodiments of the 
memory block 302 can have any number of access ports. 
Furthermore, embodiments of the memory block 302 can 
have one or more access ports restricted to either reading or 

Writing operations only. 
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A ?rst data bus 305 is connected With portA interface 310. 

PortA interface is adapted to receive and transmit data signals 
betWeen the memory block 302 and other portions of the 
programmable device. The data bus 305 can include any 
number of data lines for communicating data bits in parallel 
betWeen port A 303 of the memory block 302 and other 
portions of the programmable device. In further embodi 
ments, data bus 305 also includes one or more signal lines for 
communicating memory addresses to port A 303 of the 
memory block 3 02. In still further embodiments, data bus 3 05 
also includes signal lines for additional control signals typi 
cally used to control memory accesses. This can include 
signals specifying Whether a read or Write operation is to be 
performed using port A 303. In programmable device con 
?gurations Where the data rate communication scheme of port 
A 303 of the memory block is speci?ed by control logic of the 
programmable device, rather than the con?guration data, data 
bus 305 can include a signal line used to specify the data rate 
communication scheme used by portA 303 of memory block 
302. 

Port A interface 310 is connected With data registers 315, 
address registers 320, and control registers 325. Data registers 
315 store data to be Written to the memory array 330 and data 
retrieved from the memory array 330. Address registers 320 
store the memory address used to specify the memory loca 
tion or locations in Which data is to be stored or retrieved via 
port A 303. 
The data registers 315, address registers 320, and control 

registers 325 are interfaced With the memory array 330. In an 
embodiment, the data registers 315 are incorporated in data 
input and output circuits 100 and 150 described above, Which 
in turn are interfaced With the memory array 330. The address 
registers 320 and control registers 325 are connected With the 
memory array 330 in a manner Well knoWn to one of ordinary 
skill in the art. 

Similarly, a second data bus 335 is connected With port B 
interface 340. Port B interface 340 is adapted to receive and 
transmit data signals betWeen the memory block 302 and 
other portions of the programmable device. The data bus 335 
can include any number of data lines for communicating data 
bits in parallel betWeen port B 304 of the memory block 302 
and other portions of the programmable device. In further 
embodiments, data bus 335 also includes one or more signal 
lines for communicating memory addresses to port B 304 of 
the memory block 302. In still further embodiments, data bus 
305 also includes signal lines for additional control signals 
typically used to control memory accesses. This can include 
signals specifying Whether a read or Write operation is to be 
performed using port B 304. In programmable device con 
?gurations Where the data rate communication scheme of port 
B 304 of the memory block is speci?ed by control logic of the 
programmable device, rather than the con?guration data, data 
bus 335 can include a signal line used to specify the data rate 
communication scheme used by port B 304 of memory block 
302. 

Port B interface 340 is connected With data registers 345, 
address registers 350, and control registers 355. Data registers 
345 store data to be Written to the memory array 330 and data 
retrieved from the memory array 330. Address registers 350 
store the memory address used to specify the memory loca 
tion or locations in Which data is to be stored or retrieved via 
port B 304. 
The data registers 345, address registers 350, and control 

registers 355 are interfaced With the memory array 330. In an 
embodiment, the data registers 345 are incorporated in data 
input and output circuits 100 and 150 described above, Which 
in turn are interfaced With the memory array 330. The address 
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registers 350 and control registers 355 are connected With the 
memory array 330 in a manner Well knoWn to one of ordinary 
skill in the art. 

In embodiments of the invention, logic cells or other func 
tional blocks of the programmable device can communicate 
With a memory block using single or double data rate com 
munication schemes. In typical programmable device con 
?gurations, a group of logic cells or a functional block Will 
only need to use one of these communication schemes to 
communicate With a memory block. HoWever, as discussed 
above, a given memory block may need to employ both com 
munications schemes to communicate With different portions 
of the programmable device. For example, a set of logic cells 
may require double data rate communications With a memory 
block, While a functional block may require only single data 
rate communications With the same memory block. 

In embodiments of the invention, logic cells and functional 
blocks that communicate With a memory block using a single 
data rate communication scheme do not require any addi 
tional interface logic. If the memory block alternates betWeen 
single and double data rate communications schemes accord 
ing to control logic, then an embodiment of this control logic 
should con?gure the memory block appropriately When these 
logic cells or functional blocks are communicating With the 
memory block. 

In a further embodiment, additional interface logic is 
required to interface logic cells or functional blocks With a 
memory block using a double data rate communication 
scheme. FIGS. 4A-4B illustrate double data rate input and 
output interfaces for logic cells and functional blocks of a 
programmable device according to an embodiment of the 
invention. In an embodiment, the input and output interfaces 
for logic cells and functional blocks can be implemented 
using additional logic cells. This has the advantage of alloW 
ing any group of logic cells or functional blocks to use a 
double data rate communication scheme With minimal addi 
tional overhead. In other embodiments, logic cells or function 
blocks can implement the input and output interfaces using 
additional dedicated logic circuits. 

FIG. 4A illustrates a con?guration 400 of a data input 
interface for logic cells or functional blocks according to an 
embodiment of the invention. A set of one or more logic cells 
or a functional block 405 is connected With data input inter 
face 410. The data input interface 410 is adapted to receive 
tWo bits of data per clock cycle per data signal line. Typically, 
the set of logic cells or functional block 405 can only operate 
at the normal clock rate, rather than tWice the clock rate. As a 
result, the data input interface 410 outputs tWo bits of data in 
parallel per clock cycle per data signal line. Thus, the set of 
logic cells or functional block 405 should be adapted to 
receive tWo data bits in parallel per clock cycle per data signal 
line from the data input interface 410. 

Data input interface 410 is connected With a data signal line 
420 adapted to receive data using a double data rate commu 
nication scheme. Data signal line 420 is connected With the 
data inputs of data registers 425 and 430. Data registers 425 
and 430 are connected With a clock signal input 415. Clock 
signal input 415 is connected With the clock input of data 
register 425. The data register 425 responds to the clock 
signal provided via the clock signal input 415 by storing the 
value of the data signal, provided via data signal input 420, 
during the ?rst half of a clock cycle. 

Clock signal input 415 is connected With the clock input of 
data register 430 via inverter gate 435. The data register 430 
responds to the clock signal provided via the clock signal 
input 415 by storing the value of the data signal, provided via 
data signal input 420, during the second half of a clock cycle. 
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12 
The set of logic cells or functional block 405 can then read 

the tWo bits of data provided in each clock cycle via data 
register outputs 427 and 432. 

FIG. 4B illustrates a con?guration 450 of a data output 
interface for logic cells or functional blocks according to an 
embodiment of the invention. A set of one or more logic cells 
or a functional block 455 is connected With data output inter 
face 460. The data output interface 460 is adapted to receive 
tWo bits of data per clock cycle from the set of logic cells or 
functional block 455 via data inputs 467 and 469. 

Data inputs 467 and 469 are connected With the data inputs 
of data registers 480 and 485, respectively. Clock signal input 
465 is connected With the clock inputs of data registers 480 
and 485. Data registers 480 and 485 respond to the clock 
signal provided by clock signal input 465 by storing the data 
values received from the set of logic cells or functional block 
455 via the data inputs 467 and 469. 

The outputs 482 and 487 of data registers 480 and 485 are 
connected With multiplexer 470. The clock signal input 465 is 
connected With the control input of multiplexer 470 through 
inverter gate 472. In response to the clock signal received via 
the clock signal input 465, multiplexer 470 connects the out 
put 482 of data register 480 With data output 475 during one 
half of a clock cycle. During the other half of the clock cycle, 
multiplexer 470 connects the output 487 of data register 485 
With data output 475. Thus, data output interface 460 converts 
the tWo bits received in parallel from the set of logic cells or 
functional blocks 455 to an output signal communicating tWo 
bits of data per clock cycle per data line. 

FIG. 5 illustrates a programmable device according to an 
embodiment of the invention. Programmable device 500 
includes a number of logic array blocks (LABs), such as 
LABs 505, 510, 515. Each LAB includes a number of pro 
grammable logic cells using logic gates and/ or look-up tables 
to perform a logic operation. LAB 505 illustrates in detail 
logic cells 520, 521, 522, 523, 524, 525, 526, and 527. Logic 
cells are omitted from other LABs in FIG. 5 for clarity. The 
LABs of device 500 are arranged into roWs 530, 535, 540, 
545, and 550. In an embodiment, the arrangement of logic 
cells Within a LAB and of LABs Within roWs provides a 
hierarchical system of con?gurable connections of a pro 
grammable sWitching circuit, in Which connections betWeen 
logic cells Within a LAB, betWeen cells in different LABs in 
the same roW, and betWeen cell in LABs in different roWs 
require progressively more resources and operate less e?i 
ciently. 

In addition to logic cells arranged in LABs, programmable 
device 500 also include specialiZed functional blocks, such as 
multiply and accumulate block (MAC) 555 and random 
access memory block (RAM) 560. The con?guration of the 
programmable device is speci?ed at least in part by con?gu 
ration data stored in con?guration memory 575. The con?gu 
ration data can include parameters specifying data rate com 
munication schemes to be used With one or more memory 
blocks of the programmable device 500, such as memory 
block 560, as Well as the con?guration of the programmable 
sWitching circuit. Additional con?guration data can be stored 
in other parts of the programmable device. For example, the 
con?guration data can include look-up table data to be stored 
in look-up table hardWare in a logic cell. The look-up table 
data speci?es a function to be implemented by the look-up 
table hardWare. For clarity, the portion of the programmable 
device 500 shoWn in FIG. 5 only includes a small number of 
logic cells, LABs, and functional blocks. Typical program 
mable devices Will include thousands or tens of thousands of 
these elements. 
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Further embodiments can be envisioned to one of ordinary 
skill in the art after reading the attached documents. For 
example, although the invention has been discussed With 
reference to programmable devices, it is equally applicable to 
any type of digital device, such as standard or structured 
ASlCs, gate arrays, and general digital logic devices. In other 
embodiments, combinations or sub-combinations of the 
above disclosed invention can be advantageously made. The 
block diagrams of the architecture and How charts are 
grouped for ease of understanding. HoWever it should be 
understood that combinations of blocks, additions of neW 
blocks, re-arrangement of blocks, and the like are contem 
plated in alternative embodiments of the present invention. 

The speci?cation and draWings are, accordingly, to be 
regarded in an illustrative rather than a restrictive sense. It 
Will, hoWever, be evident that various modi?cations and 
changes may be made thereunto Without departing from the 
broader spirit and scope of the invention as set forth in the 
claims. 
What is claimed is: 
1. A memory block in a device, the memory block com 

prising: 
a memory array adapted to store data; and 
a data output circuit having ?rst and second modes to 

communicate data from the memory array to different 
portions of the device, the data output circuit including 
?rst and second data registers and a data output line, 
Wherein the data output circuit is adapted to read a bit 

from the memory array at a ?rst clock rate and to 
communicate the bit at the ?rst clock rate via the data 
output line in the ?rst mode, 

Wherein the data output circuit is adapted to read ?rst and 
second bits in parallel from the memory array at the 
?rst clock rate and to communicate the ?rst and sec 
ond bits at tWice the ?rst clock rate via the data output 
line in the second mode, and 

Wherein the data output circuit is adapted to communi 
cate With a ?rst portion of the device at the ?rst clock 
rate and to communicate With a second portion of the 
device at tWice the ?rst clock rate. 

2. The memory block of claim 1, Wherein the data output 
circuit is responsive to a mode selection input adapted to 
receive a mode selection signal from at least one portion of the 
device, Wherein the mode selection signal speci?es the ?rst or 
second mode of the data output circuit of the memory block. 

3. The memory block of claim 2, Wherein the mode selec 
tion input is adapted to receive the mode selection signal from 
con?guration data stored in a con?guration memory of the 
device. 

4. The memory block of claim 1, Wherein the data output 
circuit is adapted to store the bit read in the ?rst mode in the 
?rst data register and to store the ?rst and second bits read in 
the second mode in the ?rst and second data registers. 

5. The memory block of claim 1, further comprising: 
a data input circuit having ?rst and second modes, the data 

input circuit including a data input line, Wherein the data 
input circuit is adapted to receive a bit from a third 
portion of the device via the data input line at a ?rst clock 
rate and to store the bit in the memory array in the ?rst 
mode, and Wherein the data input circuit is adapted to 
receive ?rst and second bits in series from a fourth por 
tion of the device via the data input line at tWice the ?rst 
clock rate and to store the ?rst and second bits in the 
memory array in the second mode. 

6. The memory block of claim 5, Wherein the data input 
circuit is adapted to store the ?rst and second bits in parallel 
in the memory array in the second mode. 
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7. The memory block of claim 5, Wherein the data input 

circuit is responsive to a mode selection input adapted to 
receive a mode selection signal from at least one portion of the 
device, Wherein the mode selection signal speci?es the ?rst or 
second mode of the data input circuit of the memory block. 

8. The memory block of claim 7, Wherein the mode selec 
tion input is adapted to receive the mode selection signal from 
con?guration data stored in a con?guration memory of the 
device. 

9. The memory block of claim 5, Wherein the data input 
circuit is adapted to store the bit received in the ?rst mode in 
the ?rst data register and to store the ?rst and second bits 
received in the second mode in the ?rst and second data 
registers. 

10. A programmable device comprising: 
a programmable logic circuit adapted to implement logic 

functions speci?ed by con?guration data; 
a memory block adapted to hold data used by the program 

mable logic circuit; 
a con?guration memory adapted to store at least a portion 

of the con?guration data; and 
a programmable sWitching circuit providing a set of con 

?gurable connections Within the programmable logic 
circuit and With the memory block and the con?guration 
memory; 

Wherein the memory block comprises: 
a memory array adapted to store data, the memory array 

having a ?rst port and a second port the ?rst port coupled 
to a ?rst data output circuit and the second port coupled 
to a second data output circuit; and 

each data output circuit having ?rst and second modes, the 
data output circuit including ?rst and second data regis 
ters and a data output line, 
Wherein each data output circuit is adapted to read a bit 

from the memory array at a ?rst clock rate and to 
communicate the bit at the ?rst clock rate via the data 
output line in the ?rst mode, 

Wherein each data output circuit is adapted to read ?rst 
and second bits in parallel from the memory array at 
the ?rst clock rate and to communicate the ?rst and 
second bits at tWice the ?rst clock rate via the data 
output line in the second mode, and 

Wherein the ?rst port is adapted to communicate With a 
?rst portion of the programmable device at the ?rst 
clock rate via the ?rst data output circuit, and the 
second port is adapted to simultaneously communi 
cate With a second portion of the programmable 
device at tWice the ?rst clock rate via the second data 
output circuit. 

11. The programmable device of claim 10, Wherein the ?rst 
data output circuit is responsive to a mode selection input 
adapted to receive a mode selection signal from at least one 
portion of the programmable device, Wherein the mode selec 
tion signal speci?es the ?rst or second mode of the ?rst data 
output circuit of the memory block. 

12. The programmable device of claim 11, Wherein the 
mode selection input is adapted to receive the mode selection 
signal from con?guration data stored in the con?guration 
memory of the programmable device. 

13. The programmable device of claim 10, Wherein the ?rst 
data output circuit is adapted to store the bit read in the ?rst 
mode in the ?rst data register and to store the ?rst and second 
bits read in the second mode in the ?rst and second data 
registers, and Wherein the ?rst data output circuit includes a 
multiplexer circuit connected With the ?rst and second data 
registers, Wherein the multiplexer circuit is adapted to con 
nect the ?rst data register With the data output line in the ?rst 
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mode, and, in the second mode, to connect the ?rst data 
register to the data output line for a ?rst portion of a clock 
cycle and the second data register to the data output line for a 
second portion of the clock cycle. 

14. The programmable device of claim 10, Wherein the 
memory block further comprises: 

a data input circuit having ?rst and second modes, the data 
input circuit including a data input line, Wherein the data 
input circuit is adapted to receive a bit from another 
portion of the programmable device via the data input 
line at a ?rst clock rate and to store the bit in the memory 
array in the ?rst mode, and Wherein the data input circuit 
is adapted to receive ?rst and second bits in series from 
another portion of the programmable device via the data 
input line at tWice the ?rst clock rate and to store the ?rst 
and second bits in the memory array in the second mode. 

15. The programmable device of claim 14, Wherein the data 
input circuit is responsive to a mode selection input adapted to 
receive a mode selection signal from at least one portion of the 
programmable device, Wherein the mode selection signal 
speci?es the ?rst or second mode of the data input circuit of 
the memory block. 
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16. The programmable device of claim 15, Wherein the 

mode selection input is adapted to receive the mode selection 
signal from con?guration data stored in the con?guration 
memory of the programmable device. 

17. The programmable device of claim 15, Wherein the 
mode selection input is adapted to receive a ?rst mode selec 
tion signal from the second portion of the programmable 
device adapted to communicate data With the memory block 
at tWice the ?rst clock rate via the data input line. 

18. The programmable device of claim 17, Wherein the 
second portion of the programmable device includes portions 
of the programmable logic circuit and the programmable 
sWitching circuit con?gured according to the con?guration 
data to communicate data With the memory block at tWice the 
?rst clock rate via the data output line. 

19. The programmable device of claim 17, Wherein the 
second portion of the programmable device includes a circuit 
having a ?xed con?guration. 
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